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BENTHIC AND PLANKTQNIC P R W Y  PRODUCTION OF AN OPEN ATOLL LAGOON 
(TIKEHAU, FRENCH POLYNESIA) 
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ABSTRACT 
P h y t o p l a n k t o n i c  and  microphytobenth ic  p r o d u c t i o n  
of Tikehau  l a g o o n  were s t u d i e d  from 1983 t o  1 8 7 .  
P h y t o p l a n k t o n i c  p r o d u c t i o n  estimat d b t h e  "C 
method is r e l a t i v e y  h i g h  ( O  44gC. mw5. d-I )  i n  s p i t e  
of a low biomass ( 19 g-mb3), e s p e c i a l l y  a t  t h e  
s u y f a c e  (4+ln1gC-m-';h-~). It is  c o r r e l a t e d  w i t h  t h e  
p e r c e n t a g e  of organisms o f  a s i z e  of less t h a n  5pm 
which i s  of 61% o n  t h e  a v e r a g e .  
Microphytobenth ic  p r o d u c t i o n  o f  s a n d s ,  e s t i m a t e d  
by O b u d g e t ,  is  s t r o n g l y  r e l a t e d  t o  l i g h t  energy  
and 20,s n o t  show any p h o t o - i n h i b i t i o n .  The mean 
p r o d u c t i o n  o f  t h e  lagoon was c a l c u l a t e d  t o  
0.25gC-m-2* dbl, i .e. lower  t h a n  p h y t o p l a n k t o n i c  
p r o d u c t i o n  w i t h  a f a c t o r  o f  1.8. The microphytoben- 
t h i c  biomass p r e s e n t s  a n  i m p o r t a n t  micro- 
h e t e r o g e n i t y ;  t h e  e f f i c i e n c y  of t h e  b e n t h i c  photo- 
s y s y n t h e t i c  sys tem is n o t  as  good (2.6mgC-mgChloro- 
phyll-l .  h-') as t h a t  o f  ph t o p l a n k t o n  
(9.6mgC*mgChl0rophyll-~* h-'), 
INTRODUCTION 
The a t o l l s  o f  French P o l y n e s i a  are l o c a t e d  i n  one  
of t h e  l eas t  p r o d y c t i v e  ocean  o f  t h e  wor ld ;  i n  
f a c t ,  t h e y  are s i t u a t e d  i n  a l a r g e  a n t i c y c l o n i c  
gyre  (BLACKBURN, 1 9 8 1 ) ,  t h e  waters o f  which are low 
i n  n u t r i e n t s .  The l o a d  o f  o r g a n i c  p a r t i c l e s  of 
a t o l l  l a g o o n s  i s  t h r e e  t o  f i v e  times h i g h e r  t h a n  
t h a t  of t h e  n e i g h b o r i n g  ocean  waters (CHARPY, 
1 9 8 5 ) ;  t h e  o r i g i n  of t h i s  o r g a n i c  matter may be  t o  
t h e  pr imary  p r o d u c t i o n . o f  t h e  lagoon (phytoplankton  
and phytobenthos)  o r  t h e  p r o d u c t i o n  of d e t r i t u s  by 
t h e  reef. 
The g o a l  of t h i s  work i s  t o  make a n  estimate of 
phytoplankton  and sand  microphyte  p r o d u c t i o n ;  i t  
h a s  been c a r r i e d  o u t  w i t h i n  t h e  framework o f  t h e  
ATOLL program by t h e  ORSTOM C e n t e r  of T a h i t i .  
O 5 IOkm ._ .~ --~ . 
F i g u r e  1. L o c a t i o n s  o f  i n  s i t u  p r o d u c t i v i t y  measu- 
rements .  
Methods 
MATERIAL AND METHODS 
Sampling stations 
We have  chosen  t h e  a t o l l  of Tikehau  as a s t u d y  s i t e  
s i n c e  it c a n  b e  c o n s i d e r e d . ,  due  t o  its geomorpho- 
l o g y ,  as b e i n g  r e p r e s e n t a t i v e  of t h e  "open" a t o l l s  
o f  the Tuamotu Archipe lago .  Its lagoon h a s  a n  ave- 
rage d e p t h  o f  25 metres and a volume of 1010m3 
(LENHARDT, 1 9 8 7 ) ;  i t s  bottom i s  mainly composed of 
f i n e  t o  very  f i n e  sand (INTES & ARNAUDIN,  1987) and 
h a s  a n  i m p o r t a n t  b i o t u r b a t i o n .  
The i n v e s t i g a t e d  s t a t i o n s  are mainly i n  t h e  sou- 
t h e r n  p a r t  of t h e  l a g o o n ,  i n  t h e  immedia te  neigh- 
borhood of t h e  l a b o r a t o r y  ( F i g . 1 ) .  Measurements o f  
p h y t o p l a n k t o n i c  p r o d u c t i o n  covered  t h e  1983-1987 
p e r i o d  and m i c r o p h y t o b e n t h i c  p r o d u c t i o n  t h e  1985- 
1987 p e r i o d .  
P h y t o p l a n k t o n i c  p r o d u c t i o n  
Carbon i n c o  p o r a t i o n  rates were e s t i m a t e d  by mea- 
s u r i n g  t h e  
t i o n  i n  t r a n s p a r e n t  and d a r k  v i a l s  of b o r o s i l i c a t e  
of.300ml i n  c a p a c i t y .  The t u L a 1  c o n t e n t  of t h e  
v i a l s  was f i l t e r e d  on GF/F f i l t e r s  and t h e  f i l t e r  
r i n s e d  w i t h  l O m l  of HC1 (0.1N). R a d i o a c t i v i t y  was 
measured by l i q u i d  s c i n t i l l a t i o n  w i t h  quenching 
c o r r e c t i o n .  The t o t a l  c o n c e n t r a t i o n  of CO was c a l -  
c u l a t e d  from a l k a l i n i t y  (STRICKLAND & PARZONS, 
1972);  w e  u s e d  t h e  r e a d i n g  24gC.n1-~, a mean o f  1 2  
measures.  I n c u b a t i o n s  were d u p l i c a t e d  and r e s u l t s ,  
i n  g e n e r a l ,  showed a d i f f e r e n c e  of no more t h a n  10% 
between d u p l i c a t e s .  
i n c o r p o r a t e d  after i n  s i t u  incuba-  
P h v t o b e n t h i c  p r o d u c t i o n  
Primary p r o d u c t i o n  h a s  ben e s t i m a t e d  by Oz bud- 
g e t s ,  measured w i t h i n  clear and d a r k  p l e x i g l a s s  do- 
mes. For  d e p t h s  less t h a n  12m, we used a YS1 probe  
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equipped w i t h  a h i g h  s e n s i t i v i t y  membrane; f o r  lar-  
g e r  d e p t h s ,  120ml o f  water was t a k e n  by a s y r i n g e  
i n  t h e  domes and d i s s o l v e d  O 
WINKLER method. R e p r o d u c t i b i f i t y  of  r e s u l t s  had 
been t e s t e d  i n  a p r e v i o u s  work (CHARPY-ROUBAUD, 
1986a).  
measured u s i n g  t h e  
Phytoplankton  biomass 
Ch lo rophy l l  and  phaeophyt in  were measured by f l u o -  
r e s c e n c e  after f i l t e r i n g  i00 t o  300 ml of  water on 
GF/F f i l t e r s  (YENTSCH & MENZEL, 1963) .  
Microphytobenth ic  biomass 
The p r e l i m i n a r y  measurements made t o  d e f i n e  t h e  
s t r a t e g y  f o r  sampl ing  and a n a l y s i s  are se t  o u t  i n  a 
p rev ious  work (CHARPY-ROUBAUD, 1986b).  Sampling 
were done by d i v e r s  u s i n g  a c o r e  (2.7cm d i a m e t e r ) ;  
t h e  e x t r a c t i o n s  were performed on  f r e s h  sed iment  
w i th  90% a c e t o n e .  Measurements were made by f l u o r i -  
metry f o r  f u n c t i o n a l  c h l o r o p h y l l  and by spec t ropho-  
tomet ry  € o r  5 o t a l . c h l o r o p h y l l .  R e s u l t s  are expres-  
s ed  i n  mg.m- 
ment. 
f o r  each  0.5cm t h i c k  l a y e r  of s e d i -  
RESULTS AND DISCUSSION 
Phy top lank ton ic  p roduc t ion  
Tab le  1 g i v e s  a n  accoun t  o f  t h e  a v e r a g e s  of mean 
Carbon A s s i m i l a t i o n  rates (AC) by dep th :  w e  obse rve  
t h a t  AC is c l e a r l y  h i g h e r  a t  t h e  s u r f a c e  than  o t h e r  
d e p t h s .  
T a b l e  1 : Averages of  ca rbon  a s s i m i l a t i o n  
(AC) and a s s i m i l a t i o n  number (AN)  i n  
r e l a t i o n  w i t h  dep th .  ____________________---------------------- 
dep th  n A AN 
(m) (mgC*m-’. h - l )  (mgCvngCh1-’0 h- l )  ____________________---------------------- 
O - 2 52  3.92 2 1.02 21 .1  A 7.5 
2 - 5 22 2.27 2 0.67 13 .0  2 5 . 1  
5 - 10 42  2.68 21.33 13.5 2 4 . 9  
!O - 15 21  2.00 ~ 0 . 7 2  1 1 . 2 ~ 5 . 6  
15 - 20 7 1.17 2 1.15 4.7 3.5 
20 - 24 2 0.54 4 .2  
Table  2: Summary of p roduc t ion  and ch lo rophy l l  d a t a  from 
P a c i f i c  Lagoons, R U =  RYTHER and YENTH i19571. 
Loca t ion  Method Production Chlorophyl l  Re te rence  
............................................................... 
ragC.r3.h-3 mg a r 3  ............................................................... 
I l a r eha l l  
Eniwetok On 1.67 0.33 SRRGENT & LUSTIN 1491 
Eniwetok 0.75 DUTY !i CRPURRO (61) 
Rongelap O z  0,42 0,17 SARGENT h AUSTIN (491 
Rongelap I 4 C  0,44 DUTY k CRPURRO. 1611 
Pa lau  
hayama  Bay RkY (7) - NOTODR 169) 
Rnchorage RkY (BI  
Hawaii 
Kaneohe Bay 1 4 C  5-37 0.93 DOTY !i CAPURRO l b l )  
Line i s l a n d s  
Fanning I 4 C  9 , 2 9  0 , 5 5  
Tuamotu 
Takapoto 1 4 C  0.4-3.1 0.46 SOURNIA k RIC(IAD ( 7 6 )  
Mataiva I 4 C  2.3-9.0 0.7 DELESALLE L a l ,  185) 
Tikehau I 4 C  2.72 0.18 This  Daper 
Rangiroa 3.1 0.20 CHAHPY ( u n p u b l i s . )  
Toau I4C 0.64 0.14 CHARPY Iunpublis,l 
îloorea “C 4-22 0.05 SOURNIR & RICARO i821 
T a h i t i  ‘“C 9-17 0,OB I 
T h i s  l a c k  of p h o t o i n h i b i t i o n  h a s  a l r e a d y  been ob- 
se rved  i n  o t h e r  a t o l l s  o f  Tuamotu: SOURNIA & RICARD 
(1976) i n  Takapoto and DELESALLE (1985) i n  
Mataiva.  The AC r e a d i n  ( ave rage  of  t h e  f i r s t  15 
me t re s ) :  2.71ngC.m-~.h-’, c a n  be compared t o  o t h e r  
l agoon  p roduc t ion  d a t a  i n  t h e  P a c i f i c  i n  Tab le  2 
( e x t r a c t  i n  p a r t  from GORDON et, 1971).  
i n t e g r a t e d  up  t o  15 metres, acco rd ing  t o  t h e  month 
of t h e  yea r .  We n q t e  t h a t  p roduc t ion  d r o p s  s h a r p l y  
d u r i n g  May, J u n e  and August.  T h i s  d e c r e a s e  i s  cor -  
r e l a t e d  w i t h  t h e  r e d u c t i o n  o f  l i g h t  ene rgy .  
I n  F i g u r e  2 w e  have  shown phytoplankton  p roduc t ion  
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F i g u r e  2. I n t e g r a t e d  phytoplankton  p roduc t ion  AC 
(dep th  15m) 
Phytoplankton  biomass i s  low: 0.19+0.01mg.m-3 b u t  
t h i s  ave rage  is  t y p i c a l  of c o r a l  r e e f  waters (JEF- 
FREY, 1968) ;  c o n t r a r y  t o  p roduc t ion ,  biomass is  
h i g h e r  i n  May, June  and J u l y ;  LE BORGNE u, ( i n  
p r e s s )  have  shown t h a t  zooplankton  can  i n g e s t  a l l  
d a i l y  phy top lank ton ic  p roduc t ion ,  e s p e c i a l l y  when 
t h e  s a l p a  T h a l i a  democra t ica  i s  abundant  a s  obser -  
ved i n  summer. The i n c r e a s e  of  phytoplankton  i n  
c o l d e s t  months cou ld  t h e r e f o r e  be due t o  a d e c r e a s e  
i n  t h e  a c t i v i t y  of zooplankton .  
rod c t i o n  is  c o r r e l a t e d  wi th  l i g h t  
energy  (Eh: E.m-’- h-Y) wi th  a c o r r e l a t i o n  c o e f f i -  
c i e n t  e q u a l  t o  0 .38  where n=43; we can estimate AC 
us ing  t h e  m u l t i p l i c a t i v e  model ( F i g . 3 ) :  
Phytopla lc tonic  
AC=O. 39 *Eho * 25 ( 1 ) 
D a i l y  p roduc t ion  i n  t h e  lagoon (PPKJ) is  ob ta ined  
by u s i n g  t h e  ba thymet r i c  edges  provided  by LENHARDT 
(1987) by t h e  e q u a t i o n ‘  
where P=mgC*mb2*d-' f o r  t h e  i n t e r m e d i a r y  dep th  of 
ba thymet r i c  edges  (2.5m, 7.5m, 12.5111, 17.5m, 22.5m, 
27.5111, 32.5111, 37.5111) and S= s u r f a c e  of  ba thymet r i c  
edges .  
Deeper t h a n  24m, AC va lues .were  c a l c u l a t e d  u s i n g  
e q u a t i o n  1 and annua l  means o f  l i g h t  energy  a t  d i f -  
f e r e n t  d e p t h s .  
p roduc t ion  is l~f-lOggC-d-l . :  i . e .  a mean p roduc t ion  
of 0.44gC-m- 9d . 
T h e r e f o r e ,  f o r  t h e  n t i r e  l agoon ,  phytoplankton  
5 1 1 1  I I I  I I I  I I I  
x x  
0 1 1 1  1. I I I I I  I I I  
O 2 4 6 8 
Eh [E~m2~h ' ' )  
F i g u r e  3. M u l t i p l i c a t i v e  model AC v e r s u s  Eh (hour ly  
l i g h t  energy a t  i n c u b a t i o n  dep th  l e v e l ) .  
The r e p r e s e n t a t i v e  a s s i m i l a t i o n  number (AN) f o r  
t h e  e n t i r e  l agoon  c a n  be e s t i m a t e d  by s i n  t h e  
ave rage  of  hour ly  p roduc t ion  (44mgC*m-'- h-') and 
t h e  a v e r a g  
(4 .8  mg-m-'): i t  i s  e q u a l  t o  9mgC-mgChlorophyl1-' 
'r h-'. T h i s  v a l u e  is  of t h e  same o r d e r  as  t h a t  g i -  
ven b y  TAKAHASHI & BIENFANG (1983) f o r  p i cop lank ton  
i n  Hawaiian waters, b u t  lower  than  t h a t  g iven  by 
GRIFFITHS (1976) f o r  t h e  Great B a r r i o r  Reef (14 .4 ) ;  
i t  is  c h a r a c t e r i s t i c  o f  smal l - s ized  phytoplankton .  
The works by CHARPY (1985)  and BLANCHOT a ( i n  
p re s s )  h a s  pev ious ly  shown t h a t  a n  impor t an t  p a r t  
of t h e  phytoplankton  of Tikehau lagoon i s  made up 
of ce l l s ,  t h e  size of  which i s  less than  5 wi th  
cyanobac te r i a  dominat ing .  FURNAS & MITCHEL?; 1986) 
observed  t h a t  p i cop lank ton  f r e q u e n t l y  made up more 
than  50% of t h e  c h l o r o p h y l l  s t a n d i n g  c rop .  
Tab le  3 a lows  one. t o  compare t h e  phy top lank ton ic  
p roduc t ion  of  waters p r e - f i l t e r e d  on NUCLEPORE 5pm 
(AC<5) w i t h  t h a t  o f  non p r e - f i l t e r e d  waters (Ac t ) .  
We obse rve  t h a t  t h e  pe rcen tage  of t o t a l  p roduc t ion  
due  t o  phytoplankton  o f  a s ize  of  less than  5pm va- 
ries between 13% t o  90% w i t h  a mean of 38~10% whe- 
reas t h e  p e r c e n t a g e  of  c h l o r o p h y l l i a n  organisms of 
a s i z e  of  less t h a n  5 ~ ~ m  i s  of  61&12% on t h e  ave rage  
i n  non p r e - f i l t e r e d  waters. One obe rves  a s i g n i f i -  
c a n t  co r re l a t ionbe tween  Act and t h e  pe rcen tage  of  
ch lo rophy l  p a s s i n g  through a f \ l t e r  wi th  a pore  
s i z e  of 5pm (%Chlo<5):  R=0.51; t h e  equa t ion  of  t h e  
r e g r e s s i o n  l i n e  of A C t  v e r s u s  %Chlo<5 is  (F ig .4 )  : 
ACt=O. 024*10-3(+4.10-3)0%Chlo< 5t1.1 (+O. 2)  
o f  i n t e g r a t e d  c h l o r o p h y l l  over  2% 
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Table 3: 'Fbytoplankton Carbon assimilation 
(n&.m2.h-l) i n  synples filtreci on 5ym (AC<5) 
and without f i l t ra t ion  (Act); &+assimilation 
nunber (n& ngchlorophyll-1 h-l);BGA(X5-lCo/ACt; 
YLtdwprcent of chlorophyll passing 5pm. 
date st; . depth Act AU5 Y&C AN t ANc~ YLtdo 
07/24/83 2 O 4.9 2.3 47 13.3 7.3 86 
5 2.8 2.3 82 7.4 6.4 95 
10 3.2 1.8 56 9.0 4.9 99 
07/26/83 ' 9 O 4.0 2.6 65 14.7 14.0 68 
5 3.1 2.8 So 10.0 12.4 73 
11/23/% 
i1/24/84 
01/27/85 
07/12/85 
08/13/85 
08/14/85 
10 3.7 2.0 53 11.8 8.6 74 
6 O 5.6 2.5 44 18.7 12.4 67 
6 O 2.6 1.5 58 11.7 8.3 81 
2 2.5 1.3 51 12.4 7.2 So 
10 3.6 1.5 42 17.2 8.3 86 
15 2.5 1.1 44 13.2 6.1 95 
4 0.5 0.2 45 3.1 1.4 89 
10 2.4 0.3 13 19.5 2.6 94 
6 O 2.2 0.4 18 10.0 3.9 47 
6 O 4.5 0.6 14 15.4 3.8 54 
6 O 2.1 0.3 14 10.2 4.9 3 
2 1.4 0.2 14 5.5 4.5 17 
4 1.5 0.3 20 7.9 5.7 28 
6 1.4 0.2 15 8.2 4.5 26 
8 1.1 0.2 18 7.0 4.1 31 
10 0.9 0.2 28 4.7 5.7 18 
15 0.7 0.1 18 3.3 2.6 18 
6 O 1.2 0.3 25 5.5 3.1 44 
average 38 61 
5 1  
I -I 
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F i g u r e  4 .  Regress ion  l i n e  of carbon a s s i m i l a t i o n  
(Act) v e r s u s  pe rcen tage  of c h l o r o p h y l l  pas ing  
through 5 n f i l t e r  (% Ch1<5). 
It seems t o  be t h a t  the s m a l l e s t  c e l l s  a r e  be ing  
d i f f e r e n t i a l l y  rup tu red  t o  a g r e a t e r  deg ree  than  
t h e  l a r g e r  c e l l s ,  t h u s  l e a d i n g  t o  an  u n d e r e s t i m a t e  
of C up take  ( b u t  n o t  c h l o r o p h y l l  c o n t e n t )  o f  t h e  
smallest c e l l s .  T h i s  f a c t  was y e t  d e s c r i b e d  by FUR- 
NAS (1987).  The r u p t u r e  of l a r g e r  ce l l s  c o n t a i n i n g  
more c h l o r o p h y l l  p e r  ce l l  c a n  i n c r e a s e  t h e  ch lo ro -  
p h y l l  c o n c e n t r a t i o n  i n  t h e  f i l t e r e d  sample,  however 
m i c r o s c o p i c  examina t ions  i n  a p r i 1  1986 (BLANCHOT 
&, i n  p r e s s )  conf i rm t h e  dominance o f  smallest 
cells .  
Mic rophy toben th ic  P r o d u c t i o n  
I n  o r d e r  t o  o b s e r v e  t h e  i n f l u e n c e  of l i g h t  energy 
on t h e  n e t  oxygen p r o d u c t i o n  i n  t r a n s p a r e n t  t a n k s ,  
measurements of  O2 budge t s  were r e a l i z e d  i n  a con- 
t i n u o u s  manner a t  dep th .  One o b s e r v e s  when one  
g roups  t h e  e x p e r i e n c e s  t o g e t h e r  a v e r y  h i g h  s i g n i -  
f i c a n t  c o r r e l a t i o n  ( R  = 0 . 7 ,  n = 91)  between t h e  
ene rgy  and n e t  p roduc t ion .  T h i s  v e r y  h i g h  l i n e a r  
c o r r e l a t i o n  a l l o w s  one  t o  make u s e  of t h e  e q u a t i o n  
by LEACH (1970) and RIZNYCK (1978) i n  o r d e r  t o  es- 
timate d a i l y  p roduc t ion  (PBJ) u s i n g  i n c u b a t i o n s  of 
s h o r t  d u r a t i o n .  
where : 
qt-to) = Net p r o d u c t i o n  d u r i n g  t h e  i n c u b a t i o n  p e r i o d  
(t-tol (mg0 *m-'). 
E j  = I n c i z e n t a l  d a i l y  ene rgy  (E.m-2- j-'). 
E 
rUo(E*m-'). 
= I n  i d e n t a l  energy d u r i n g  t h e  i n c u b a t i o n  pe- 
F i f t y  i n c u b a t i o n s  of s h o r t  d u r a t i o n  (2  t o  4 hour s )  
were made a t  d i f f e r e n t  s t a t i o n s  and times ; t h e  
factor  e x p l a i n i n g  t h e  most v a r i a n c e  is  t h e  dep th  o f  
t h e  s t a t i o n  w i t h  15 %, fo l lowed  by l i g h t  energy 
w i t h  
t i o n .  
11 %. PBJ and dep th  are l i n k e d  by t h e  re la-  
PBJ=-25.5 (2 2.5)*Depth+1005 (2 28.6)  ( 2 )  
The s t a n d a r d  e s t i m a t i o n  e r r o r  i n  t h e  e s t i m a t i o n  of  
PBJ w i t h  e q u a t i o n  (2 )  is  390mg02-mT2*j-1, i . e .  106 
% o f  t h e  n e t  p r o d u c t i o n  co r re spond ing  t o  a n  ave rage  
dep th  o f  25 metres. 
The p roduc t ion  of  O2 can b e  t r ans fo rmed  i n t o  t h e  
g r o s s  p roduc t ion  o f  carbon (PBJC) by t h e  e q u a t i o n  
o f  McCLOSKEY e t  a l .  (1978) : 
PBCJ (gC-n~-~*j- ' )  = (PBJ*O.375.PQ)t(R-O.375*RQ) (3 )  
where R = R e s p i r a t i o n  d u r i n g  day t ime  ; we have ta -  
ken t h e  mean o f  h o u r l y  res i r a  i o n  measured i n  t h e  
d a r k  t a n k s  : 31 & 7mg02.m-'-h-', m u l t i p l i e d  by 10 
hour s .  PQ and RQ = p h o t o s y n t h e t i c  and r e s p i r a t o r y  
c o e f f i c i e n t s  chosen  as  be ing  e q u a l  t o  1 as RAVEN 
(1976) & McCLOSKEY e t  a l .  (1978) a d v i s e .  
We c a n  t h e r e f o r e  c a l c u l a t e  t h e  PBJ o f  t h e  interme- 
d i a r y  d e p t h s  o f  t h e  ba thymet r i c  edges  (0-5, 5-10, 
10-15, 15-20, 20-25, 30-35, 35-40) by e q u a t i o n  (2) 
and t r a n s f o r m  them i n t o  PBCJ by e q u a t i o n  (3 ) .  The 
p roduc t ion  o f  b a t h y m e t r i c  edges  is  o b t a i n e d  by mul- 
t i p l y i n g  t h e  PBCJ by t h e  ba thymet r i c  s u r f a c e  areas 
provided by LENHARDT (1987);  t h e  t o t a l  r e p r e s e n t s  
o v e r a l l  mic ro  hy toben thos  p roduc t ion  of  t h e  l agoon ,  
i . e .  : l O O * l O '  gC.j-', which g i v e s  a mean PBCJ of  
0 .25 gC.m-*-j-'. T h i s  v a l u e  is  of t h e  same o r d e r  a s  
t h e  p roduc t ion  v a l u e s  f o r  t r o p i c a l  mar ine  sed imen t s  
(refer t o  t a b l e  i n  CHARPY-ROUBAUD, 1986a).  
The biomass of  miçrophytobenthos was measured on 
185 samples ,  a t  d i f f e r e n t  s t a t i o n s  and a t  d i f f e r e n t  
times. No s i g n i f i c a n t  t r e n d  can  be  s e e n ,  probably 
because  o f  t h e  h i g h  i n t r a - s t a t i o n  h e t e r o g e n e i t y .  I n  
fac t ,  t h e  c o e f f i c i e n t s  of v a r i a t i o n  o f  t o t a l  and 
a c t i v e  c h l o r o p h y l l  were e s t i m a t e d  on 34 samples  a t  
same s t a t i o n  a t  r e s p e c t i v e l y  41 % and 73  % of t h e  
biomass a v e r a  e. The g e n e r a l  a v e r a g e s  a r e  : 
19.7il.6mg.m-' f o r  t o t a l  c h l o r o p h y l l  and 
9 . f~ i1 .4mg .m-~  f o r  f u n c t i o n a l  c h l o r o p h y l l .  The assi- 
m i l a t i o n  number c a l c u l a t e d  by u s i n g  t h e  l a t t e r  mean 
i s  e q u a l  t o  2.6mgC.mgChlorophyll-1. h- l .  
Comparison of p h y t o p l a n k t o n  = phytobenthos.  
F i g u r e  5 a l l o w s  comparison of  b e n t h i c  (PBCJ) and 
p l a n k t o n i c  p r o d u c t i o n s  (PPKJ). PBCJ exeeds  PPKJ i n  
t h e  0-10 metre b a t h y m e t r i c  edge (2.7% of  t h e  s u r f a -  
ce area o Ï  t h e  l a g o o n ) ,  w h i l s t  bo th  o f  t h e s e  pro- 
d u c t i o n s  are e q u i v a l e n t  f o r  d e p t h s  of between 10 t o  
15 metres (5.7% of  t h e  l agona ry  s u r f a c e  a r e a )  and 
PPKJ exeeds  PBJC i n  t h e  remaining 92% of t h e  la -  
goon). On t h e  a v e r a g e ,  PPKJ t h e r e f o r e  exeds  PBJC by 
a f a c r o r  o f  1 . 8 . . T h i s  f a c t  is  due t o  t h e  r e l a t i v e l y  
impor t ance  o f  dep th  o f  t h e  l agoon  where 92% o f  t h e  
bot tom are o v e r  15 metres i n  dep th .  However, t h i s  
comparison shou ld  be t r e a t e d  w i t h  c a u t i o n  s i n c e  t h e  
methodologies  used t o  estimate PPKJ nd PBJC are 
t o t a l l y  d i f f e r e n t  ( a s s i m i l a t i o n  of "C and O2 bud- 
g e t ) .  
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F i g u r e  5. Comparison between p h y t o p l a n k t o n i c  (PPKJ) 
and Phy toben th ic  (PBCJ) p roduc t ion .  
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F i g u r e  6. Phy toben th ic  p roduc t ion  (PBCH) v e r s u s  
l i g h t  ene rgy  (Eh).  
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The e f f i c i e n c y  of t h e  p l ank ton  p h o t o s y n t h e t i c  sys -  
tem i s  b e t t e r  t han  t h a t  of  t h e  ben h i c  system ( 9  
a g a i n s t  2.6 mgC- mgChlorophyl1-l- h-I) , which i n d i c a -  
tes a tu rnove r  t h r e e  times f a s t e r .  
One can  compare t h e  r e sponse  of bo th  of t h e s e  pho- 
t o s y n t h e t i c  s y s t e d s  t o  l i g h t  by comparing t h e  re- 
g r e s s i o n  AC v e r s u s  Eh (F ig .  3 )  w i  h t h a t  of hour ly  
b e n t h i c  p roduc t ion  (PBCH : mgC."-h-l) i n  Eh (F ig .  
These  c u r v e s  have  t h e  same shape  b u t  t h e  c o r r e l a -  
6 ) .  
t i o n  between energy  and p roduc t ion  i s  h i g h e r  f o r  
ben thos  (R = 0.66) t h a n  f o r  p lankton  ( R  = 0.38). 
CONCLUSION 
I n  t h e  l agoon  of  t h e  a t o l l  o f  Tikehau ,  d a i l y  phyto- 
p l a n k t o n i c  p roduc t ion  ( ave rage  of  0 .44  gC-m-') de- 
creases d u r i n g  t h e  s o u t h e r n  summer whereas  biomass 
i n c r e a s e s .  Phytoplankton  smaller than  5 pm r ep re -  
s e n t  a n  i m p o r t a n t  p a r t  o f  t h e  t o t a l  phy top lank ton ic  
p roduc t ion  (61%).  T o t a l  phy top lank ton ic  p roduc t ion  
i s  p o s i t i v e l y  c o r r e l a t e d  w i t h  t h e  pe rcen tage  of 
small s i z e d  organisms.  Mesurements of  t h e  incorpo-  
r a t i o n  rate of ca rbon  by phytoplankton  i n  waters 
p r e - f i l t e r e d  on 5ym f i l t e r s  g i v e s  a mean produc- 
t i o n  f o r  t h e s e  organisms e q u a l  t o  38% of  t h e  t o t a l  
p roduc t ion  ; t h e r e f o r e ,  a r u p t u r i n g  of cells proba- 
b ly  o c c u r s  d u r i n g  t h e  p r e - f i l t r a t i o n  and t h e  con- 
t r i b u t i o n  of p i cop lank ton  t o  phy top lank ton ic  pro- 
d u c t i o n  may be a t  l e a s t  of t h e  same o r d e r  as  f o r  
biomass (61%).  The mean d a i l y  p roduc t ion  of micro- 
phytobenthos  (0.25gC.m-2) i s  less t h a n  t h a t  of 
p l ank ton  by a f a c t o r  of  1.8. It is  s t r o g l y  c o r r e l a -  
t e d  t o  l i g h t  energy  and i ts  a s s i m i l a t i o n  number is  
3.5 times lower  t h a n  t h a t  of phytoplankton .  
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